Lymph nodes were collected at biopsy or necropsy from 18 cats with naturally acquired symptomatic feline immunodeficiency virus (FIV) infection and from 18 seronegative cats. Thirty-five of the cats were domestic shorthairs and one was a Persian cross. The cats ranged from 7 months to 16 years of age and were mainly obtained from California veterinary practitioners, a California cattery, and a Veterinary Teaching Hospital. Based on clinical signs present at tissue collection, ten FIV-infected cats fell into the acquired immunodeficiency syndrome (AIDS)-related complex (ARC) clinical stage and eight in the terminal (AIDS) stage of FIV disease. All cats were FeLV negative by antigen ELISA. Histologic sections of lymph nodes from each cat were examined blindly and were categorized as hyperplastic, involuting, mixed hyperplastic and involuting, depleted, or normal based upon subjective evaluation of follicles and paracortex. The relative abundance of plasma cells was evaluated in methyl green pyronin (MGP) and hematoxylin and eosin-stained sections. Similar numbers of FIV-seropositive and -seronegative cats fell into each lymph node category. The only difference evident between FIV-infected cats and control cats was in the degree of plasmacytosis present; moderate to marked plasmacytosis was present in 13/18 FIV-infected cats but in only 3/18 control cats. Immunohistochemical staining of frozen lymph node sections from six FIV-infected cats and 12 control cats for CD4, CD8, Factor VIII-related antigen, and a B cell/follicular dendritic cell-specific (CD2 1 -like) antigen revealed only a slight increase in the relative proportion of paracortical CD8+ lymphocytes versus CD4+ lymphocytes in lymph nodes from FIV-infected cats. These findings suggest that lymph node changes previously considered to be specific or highly suggestive of lentivirus-induced immunodeficiency disease are actually not specific but occur in FIV-seronegative cats as well. Despite this lack of specificity, lymph node changes seen in FIV-infected cats may have prognostic significance. All cats in the ARC stage had hyperplastic or mixed hyperplastic and involuting nodes, whereas those in the AIDS stage had either involuting or depleted nodes, which suggests that the clinical stage of disease correlates with the category of lymph node change.
Lymphadenopathy occurs early in the course of hu-may provide insight into mechanisms of immunodeman immunodeficiency virus (HIV) infection and is ficiency in acquired immunodeficiency syndrome followed by a well-Characterized progression of changes (AIDS). in architecture and lymphocytic subset distribution in Feline immunodeficiency virus (FIV), a lentivirus of lymph n 0 d e~.~,~, '~,~~,~~,~~,~~~~,~9 , ~~ These changes include cats causing an immunodeficiency syndrome similar exuberant follicular hyperplasia and follicular pleo-in many respects to human AIDS,23,30,35 also induces morphism, followed by progressive follicular involu-progressive lymph node alterations. The early alteration and depletion. Intrusion of CD8 + lymphocytes tions occurring in experimentally infected cats have into follicles is a prominent feature during the follicular been briefly described,3s and a recent paper described hyperplasia and involution stages.6J1J6 These progres-findings in 17 cats with naturally acquired FIV infecsive lymph node alterations parallel the clinical course tion;'O however, this study did not include control tisof HIV diseaseL2 and have been considered highly sug-sues for comparison. The purpose of this study is to gestive of HIV infe~tion.~' Consequently, these changes characterize the morphologic and immunohistochemmay have diagnostic and prognostic significance and ical alterations occurring in lymph nodes from a large Vet Pathol 2 9 5 , 1992 group of cats with naturally acquired FIV infection and to compare these findings with those from a group of FIV-seronegative controls.
Materials and Methods

Animals
All virus-infected cats were positive for feline immunodeficiency virus (FIV) by antibody enzyme-linked immunosorbent assay (ELISA), immunofluorescent antibody (IFA) test, and/or western blot, and all cats were seronegative for feline leukemia virus (FeLV) antigen by ELISA. All infections were naturally acquired. The cats were of domestic shorthair ( n = 35) or Persian cross ( n = 1) breed, ranged in age from 7 months to 16 years (Table 1 ) and were obtained from veterinary practitioners in California ( n = 12), the cattery in Petaluma, California, where FIV was discovered (n = 4), and the Veterinary Medical Teaching Hospital of the University of California, Davis (n = 2). To serve as negative controls, lymph nodes from cats seronegative for FIV and FeLV were collected during the same time period. These cats ranged in age from 5 weeks to 10 years (Table 1 ) and were from the Feline Retrovirology Research Laboratory, U.C. Davis (n = 12), the Petaluma cattery at which FIV was discovered ( n = 5), and from a veterinary practitioner in Florida ( n = 1).
Detailed signalments for all cats are given in Table 1 . Because corticosteroids can cause marked lymphoid tissue changes in some species, cats with a history of corticosteroid treatment or cancer chemotherapy within the previous 2 months were excluded from the study. Lymph nodes were collected at biopsy or necropsy, fixed in Carson's fixative or 10% neutral buffered formalin, embedded in paraffin, sectioned at 5-8 pm, and stained with hematoxylin and eosin (HE) and methyl green pyronin (MGP). When available, multiple lymph nodes (usually popliteal and retropharyngeal) were examined from cats that were necropsied. In most cases, popliteal lymph nodes were the primary node examined because of accessibility for biopsy and because none of the cats in the study had local lesions that would be expected to cause a reaction in these nodes. The postmortem interval was generally less than 24 hours, but was 72 hours for two cats.
Tissue immunoperoxidase staining
Lymph nodes for immunoperoxidase staining were embedded in OCT medium (Miles Laboratories, Naperville, IL) and snap frozen in liquid nitrogen-cooled chlorodifluoromethane (Genetron 22, Allied Corp., Morristown, NJ). Tissues were usually cmbedded immediately after biopsy or euthanasia, but in several naturally infected cats, the interval was 24 hours. Six to 8-pm frozen sections were air-dried for 1 to 4 hours and stored frozen at -20 C. Prior to staining, sections were fixed for 2 minutes in acetone. Endogenous peroxidase activity was quenched by incubating sections in 0.3% H,O, with 0.1% sodium azide for 10 minutes. Nonspecific binding was blocked by incubation for 20 minutes in phosphate-buffered saline (PBS) containing 10% normal horse serum. An indirect strcptavidin-peroxidase staining method with DAB as the chromogen was used as previously de~cribed.,~ Primary antibodies were murine monoclonal an- 
Interpretation
Lymph node sections were examined blindly and were categorized as hyperplastic, involuting, mixed hyperplastic and involuting, depleted, or normal based upon subjective evaluation of follicles and paracortex. Evaluation was based on published findings on interpretation of lymph node histopathologic examination in human being^,^.,^.^* as well as the authors' personal experience with feline lymph nodes. These categories were further subdivided based upon relative abundance of plasma cells in MGP-and HE-stained sections: plasmacytosis was scored as minimal (+), mild (+ +), moderate (+ + +), and marked (+ + + +). The presence or absence of follicular pleomorphism, defined as irregularly shaped or confluent follicles, was also determined. Immunoperoxidasestained sections were then evaluated for relative abundance and distribution of CD4, CD8, CD21-like antigen, and F VIII-related antigen-positive cells in the paracortex, follicles, and interfollicular cortex.
Clinical stage
To determine whether there was any correlation between clinical stage of immunodeficiency disease and histologic lymph node category, all FIV-infected cats were categorized according to clinical staging criteria as described by Ishida and Tomada.I4 The acute stage is characterized by neutropenia, fever, and lymphadenopathy. The asymptomatic carrier stage has no signs. Lymphadenopathy is the only sign during the persistent, generalized lymphadenopathy stage. Acquired immunodeficiency syndrome (AIDS)-related complex (ARC) is characterized by variable combinations of weight loss and chronic diarrhea, upper respiratory tract disease, skin disease, stomatitis/gingivitis, and/or lymphadenopathy. The terminal or AIDS stage of illness is identified by the presence of emaciation, malignancy, anemia or cytopenia, or opportunistic infections in addition to ARC signs.
Results
The clinical and histopathologic findings are summarized in Tables 1 and 2 . In most cases, the findings were consistent among different lymph nodes from the same cat. In cases where there were significant differences between lymph nodes and/or there were lesions draining to specific lymph nodes, categorization was based on features identified in popliteal nodes (no regional lesions were identified that would cause a reaction in popliteal lymph nodes). Only two cats, both seronegative for feline immunodeficiency (FIV), had lymph nodes classified as normal. Similar numbers of FIV-positive (F1V-t) and FIV-negative (FIV-) cats fell into each of the remaining lymph node categories. Lymph nodes considered normal generally had scattered small to medium-sized primary follicles with only occasional small secondary follicles. Paracortical regions lacked any obviously expanded regions and were occasionally discontinuous. Paracortical venules were lined by moderately thin endothelium and had few intramural lymphocytes.
Hyperplastic nodes from both FIV+ and FIV-cats were characterized by the presence of medium to largesize secondary follicles (Fig. 1) in the cortex and, in many cases, in the outer portions of the medullary cords. Mantle zones were always present but varied greatly in thickness and discreteness. In a few cases, there was intrusion of mantle zone lymphocytes into germinal centers (cat Nos. 19 and 21; both FIV-). Germinal centers generally had high numbers of centroblasts with frequent mitotic figures. In some cases, Vet Pathol 2 9 5 , 1992 there were various degrees of germinal center lympholysis with scattered tingible-body macrophages. Lymph nodes with the most exuberant follicular hyperplasia frequently had large, irregular pleomorphic follicles, some of which appeared to form by coalescence of two or more adjacent follicles (Fig. 1 ). Paracortical T cell zones had moderate to marked nodular or diffuse expansion, with frequent large blast-like cells and scat-tered cells in mitosis. Paracortical (high endothelial) venules had very prominent endothelium with many transmigrating intramural lymphocytes.
Lymph nodes were classified as involuting when they had follicles with sparsely cellular, often mildly to moderately hyalinized, germinal centers with few mitotic figures (Fig. 2) . Mantle zones in these nodes were frequently indistinct. Paracortical regions were either reduced in area or, more often, had a sparsely cellular appearance with few large cells or mitotic figures. Paracortical venules had moderately thin or occasionally flattened endothelium with few intramural lymphocytes. Involuting lymph nodes were slightly more prevalent in FIV+ compared to FIV-cats ( Table 2 ). Lymph nodes categorized as mixed hyperplastic and involuting had features of both categories.
Depleted lymph nodes had either no discernable follicles or small, markedly hyalinzed follicular remnants (Fig. 3) . Mantle zones were absent. Paracortical T cell regions were very thin and frequently absent over large portions of the node. Remaining lymphocyte populations in these nodes consisted almost exclusively of small lymphocytes. The vascular network in these nodes was generally prominent, but paracortical venules had thin, flattened endothelium with only rare intramural lymphocytes. The node capsule was prominently thickened in two FIV-infected cats with depleted nodes.
The main difference observed between FIV+ and FIV-cats was the relative number of plasma cells present, regardless of lymph node category; 13/ 18 FIVinfected cats had moderate to high numbers of plasma cells, whereas only 3/18 FIV-cats had a similar degree Vet Pathol 295, 1992 of plasmacytosis. Cats with moderate (+ + +) plasmacytosis had expanded medullary cords filled with plasma cells. Occasional cells contained Russell bodies. Cats with marked (++++) plasmacytosis had widely expanded medullary cords packed with plasma cells, with extension of plasma cells well up into the cortex. In involuting or depleted nodes with marked plasmacytosis, plasma cells extended to the outer cortex, just beneath the subcapsular sinus ( Fig. 4) . Many plasma cells containing Russell bodies were present. In one FIV-infected cat (No. 15) , the retropharyngeal lymph node was almost completely replaced by plasma cells. Only a few involuting follicular remnants surrounded by confluent sheets of plasma cells were present in this node, with expansion of medullary cords to the point that medullary sinuses could not be discerned.
The presence and degree of erythrophagocytosis occurring in medullary sinuses was also evaluated for each lymph node. More FIV-infected cats had lymph nodes with erythrophagocytosis (9/18 versus 5/ 18 for FIV-cats), but in most cases the degree of erythrophagocytosis was mild. Furthermore, the inconsistent presence of hemosiderin-laden macrophages suggests that this change was often acute rather than long standing.
In addition to paraffin-embedded sections, snap-fro-Zen lymph node sections were available for six FIVinfected cats (four with hyperplastic, one with involuting, and one with depleted nodes) and 12 FIVcontrol cats (ten with hyperplastic, one with involuting, and one with normal lymph nodes). The only difference noted between FIV+ and FIV-cats was a slight increase in the relative proportion of CD8 + lymphocytes in the paracortical regions of lymph nodes from FIVinfected cats. There was no observable difference between FIV+ and FIV-cats in the number of CD8+ or CD4 + lymphocytes within follicles. Similarly, immunostaining for Factor VIII-related antigen revealed no apparent differences in the relative number or distribution of blood vessels regardless of viral infection status or lymph node category. Immunostaining for B cell CD2 1 -like antigen revealed obvious differences among lymph node categories but no differences between FIV+ and FIV-cats. Lymph nodes categorized as hyperplastic had dense diffuse staining of all lymphocytes and dendritic cells in follicles, sometimes with darker staining in mantle zones (Fig. 5) . In a few nodes with exuberant hyperplasia, large follicles sometimes exhibited variable loss of lymphocyte staining within follicles, revealing a network of follicular dendritic cell processes. Immunostaining of involuting follicles revealed primarily the dendritic cell network with only scant lymphocyte staining (Fig. 6 ). Depleted follicles stained for CD2 1 -like antigen were similar to but much smaller than involuting follicles, revealing only very small clusters of dendritic cells with little or no lymphocyte staining.
Based on the ante mortem clinical signs present at the time of tissue collection, all FIV-infected cats fell into either the acquired immunodeficiency syndrome (AIDS)-related complex (ARC) or the AIDS stages of FIV disease ( Table 1 ). All cats in the ARC stage had hyperplastic (n = 7) or mixed hyperplastic and involuting (n = 3) nodes, whereas those in the AIDS stage had either involuting (n = 5 ) or depleted (n = 3) nodes.
One FIV-infected cat, which was classified as ARC stage based on the main clinical findings of lymph- adenopathy and chronic pleocellular dermatitis, had early lymphoma diagnosed postmortem. Because the lymphoma was not clinically manifested, the cat was not classified as AIDS stageI4 (cat No. 10).
Discussion
In this study, a spectrum of morphologic changes in lymph nodes from cats naturally infected with feline immunodeficiency virus (FIV) are described that resemble those seen in human immunodeficiency virus (H1V)-infected Similar findings were recently reported in a series of 17 cats naturally infected with FIV.l0 These lymphoid tissue changes were postulated as a distinct feature of lentivirus-induced immunodeficiency disease;lo however, no control tissues from cats negative for FIV were included in that study. In the present study, these lymphoid tissue changes were not specific for H V , but occurred in FIV-negative (FIV-) cats as well. Similarly, a recent study found that the histopathologic features previously reported to be highly suggestive, if not specific, for HIV infection are also seen in lymph nodes from HIV-negative patients with other di~eases.3~
The only noted difference in the histomorphologic appearance of lymph nodes between FIV-seropositive (FIV+) and FIV-cats was in the degree of plasmacytosis present. Most LlV+ cats had moderate to marked (+ + + or + + + +) plasmacytosis, whereas most FIV-cats had only minimal to mild (f or + +) plasmacytosis. This difference might simply be a re-flection of a longer disease course, a greater number of concurrent diseases, or more persistent antigenic stimulation in FIV-infected cats. Alternatively, it could represent an abnormality in regulation of B cell proliferation or differentiation. Age differences between FIV+ and FIV-cats in this study could also be a factor, because FIV+ cats tended to be older (average 8.9 years versus 3.2 years for FIV-cats), and plasma cell numbers in lymph nodes have been reported to increase with age in human beings.17 Plasmacytic infiltrates are, however, also very common in extranodal sites, such as gingiva and oropharynx, in FIV-infected cats (Lowenstine and Rideout, unpublished) . Feline infectious peritonitis virus and Hemobartonella felis infections are common in cats and are often associated with plasmacytosis, but none of the cats in this study had antemortern or postmortem evidence of infection with these agents. Polyclonal B cell activation and plasmacytosis are a common reported feature in lymph nodes and bone marrow from HIV-infected patients. These changes have been linked to increased secretion of IL-6 by macro phage^,^^^^^^ but the role of concurrent diseases has not been thoroughly investigated. Further studies will be required to determine whether increased plasmacytosis in FIV-infected cats reflects a dysregulation of cytokine secretion or whether it represents a normal response to a persistent antigenic stimulus.
Immunohistochemical studies have demonstrated increased numbers of CD8+ lymphocytes in paracortical regions and follicles during the follicular hyperplasia and involution phases of.HIV infection.6J1J6 There is also prominent loss or destruction of follicular dendritic cells during involution, which has been attributed to the action of cytotoxic T cells reacting with HIV antigens on follicular dendritic cells.5,6,21,33 This mechanism has been proposed as an explanation for the progressive lymph node changes in acquired immunodeficiency syndrome (AIDS) patient~.~*33 Although several FIV-cats had intrusion of mantle zone lymphocytes into germinal centers, significant numbers of germinal center CD8 + lymphocytes were not seen in any cat. The significance of the apparent slight increase in the proportion of CD8+ lymphocytes in the paracortical regions is not clear. Similar findings have been reported in lymph nodes from HIV-infected human beingsL1J6 and may simply reflect the decline in circulating CD4 + lymphocytes observed in FIV inf e c t i~n ,~,~,~~ but because circulating CD4 + cell numbers were not evaluated in this study, this speculation could not be confirmed. Another difference between lymph nodes from FIV-and HIV-infected subjects was the absence of prominent vascular proliferation during the involution and depletion stages.
A number of studies have established a correlation between the pattern of lymph node alteration and the clinical stage of HIV i n f e~t i o n .~J~J~ Patients with persistent generalized lymphadenopathy or AIDS-related complex (ARC) have hyperplastic or involuting lymph nodes, whereas depleted nodes are found almost exclusively in patients with AIDS. In this study, a clear correlation was also observed between the clinical stage of FIV infection and the histomorphologic category of lymph node alteration. Cats in a clinical stage analogous to ARC had lymph nodes with hyperplasia or mixed involution and hyperplasia. Cats in the terminal stages of FIV infection, analogous to AIDS, had involuting or depleted nodes, which suggests that the morphologic findings of lymph nodes in FIV-infected cats reflect the progression of clinical disease and may therefore be useful prognostically.
